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DESCRIPTION 

DISTORTION COMPENSATION TABLE CREATION METHOD AND 
DISTORTION COMPENSATION METHOD 

5 

Technical Field 

The present invention relates to a distortion 
compensation table creation method and distortion 
compensation method, and, for example, to a distortion 
10 compensation table creation method and distortion 

compensation method that eliminate distortion generated 
when a signal is amplified. 

Background Art 

15 Heretofore a predi s tort ion distortion compensation 

apparatus has been known as an apparatus that compensates 
for distortion generated when a transmit signal is 
amplified in a radio communication apparatus. FIG.l is 
a block diagram showing the configuration of a 

20 conventional predis tor tion distortion compensation 
apparatus 10 0. 

Conventional predi stortion distortion 
compensation apparatus 100 is composed of a baseband I 
input terminal 101, a baseband Q input terminal 102, a 

25 power calculation section 103, a compensation data table 
104, a complex multiplication section 105, a 
digital/analog converter (hereinafter referred to as 
"DAC") 106, a DAC 107, a modulator (hereinafter referred 
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to as "MOD") 108, an oscillator 109, a power amplifier 
110, a directional coupler 111, an RF output terminal 

112, a demodulator (hereinafter referred to as "DEMOD") 

113, an analog/digital converter (hereinafter referred 
5 to as "ADC") 114, an ADC 115, a compensation data 

computation section 116, and a delay section 117. 

In FIG.l, a baseband I signal is input to baseband 
I input terminal 101 and a baseband Q signal that is 
orthogonal data with respect to the I signal is input 

10 to baseband Q input terminal 102, and these signals pass 
through DAC 106 and DAC 107 , and are modulated to RF signals 
by MOD 108. The signal modulated to RF then undergoes 
power amplification by power amplifier 110 and is output 
from RF output terminal 112. 

15 At this time, since power amplifier 110 performs 

nonlinear operation, distortion is generated in the 
signal amplified by power amplifier 110. Apredistortion 
function is a function for amending the nonlinearity of 
power amplifier 110 to linearity. In order to perform 

20 power amplifier 110 linearity compensation, compensation 
data table 104 is provided with compensation data 
corresponding to power values. Power calculation 
section 103 performs input baseband signal power 
calculation every sampling time and outputs the result 

25 to compensation data table 104 . Compensation data table 
104 is referenced using the power calculation result input 
from- power calculation section 103, and the necessary 
compensation data is extracted and output to complex 
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multiplication section 105. Complex multiplication 
section 105 operates so as to suppress distortion 
generated in power amplifier 110 for the input I signal 
and Q signal . 

5 Inorderto perform accurate linearity compensation, 

accuracy of compensation data table 104 is required. 
Therefore, conventionally, a power amplifier 110 output 
signal is taken from directional coupler 111, processing 
is performed by compensation data computation section 

10 116 to calculate a distortion component of a signal 
demodulated by DEMOD 113 corresponding to a baseband 
signal prior to amplification, and a compensation data 
table is created to compensate for the calculated 
distortion component. By this means, an accurate 

15 compensation data table can be created. 

However, a problem with a conventional distortion 
compensation table creation method and distortion 
compensation method is that DEMOD 113 and compensation 
data computation section 116 are necessary for 

20 compensation data table 104 generation, resulting in a 
large and complex circuit configuration. A further 
problem with a conventional distortion compensation table 
creation method and distortion compensation method is 
that, since it is necessary to perform demodulation 

25 processing in DEMOD 113 and computational processing to 
find compensation data in compensation data computation 
section 116, processing is complex and cannot be executed 
at high speed. 
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Disclosure of Invention 

It is an object of the present invention to provide 
a distortion compensation table creation method and 
5 distortion compensation method that enable a small and 
simple circuit configuration to be used, enable 
processing to be simplified and speeded up, and also enable 
distortion components to be suppressed with high 
precision . 

10 This object can be achieved by finding a distortion 

component generated when a baseband signal is amplified 
by relating frequency to baseband signal power, 
converting the distortion component found by relating 
frequency to power so as to be related to time and power, 

15 arid also finding an amplitude component and phase 

component in a distortion component converted so as to 
be related to time and power for each power, and relating 
a distortion compensation signal that has a found 
amplitude component of inverse amplitude to the amplitude 

20 component and a found phase component of inverse phase 
to the phase component to power, and performing storage 
in a table as compensation signal generation information 
for selecting a distortion compensation signal that 
suppresses distortion components. 

25 

Brief Description of Drawings 

FIG.l is a block diagram showing the configuration 
of a conventional distortion compensation apparatus; 
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FIG. 2 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 1 
of the present invention; 

FIG. 3 is a flowchart showing a compensation data 
5 table creation method according to Embodiment 1 of the 
present invention; 

FIG. 4 is a drawing showing on the frequency axis 
a two-wave signal input to an amplifier according to 
Embodiment 1 of the present invention; 
10 FIG. 5 is a drawing showing on the frequency axis 

a signal output from an amplifier according to Embodiment 
1 of the present invention; 

FIG. 6 is a drawing showing on the time axis the power 
values of a signal output from an amplifier according 
15 to Embodiment 1 of the present invention; 

FIG. 7 is a drawing showing by means of the 
relationship between compensation data power and 
amplitude the nonlinear characteristic of an amplifier 
according to Embodiment 1 of the present invention; 
20 FIG. 8 is a drawing showing by means of the 

relationship between compensation data power and phase 
the nonlinear characteristic of an amplifier according 
to Embodiment 1 of the present invention; 

FIG. 9 is a block diagram showing the configuration 
25 of a transmitting apparatus according to Embodiment 2 
of the present invention; 

FIG. 10 is a drawing showing on the frequency axis 
a signal output from an amplifier according to Embodiment 
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2 of the present invention; 

FIG. 11 is a drawing showing on the time axis the 
power values of a signal output from an amplifier for 
creating a compensation data table according to 
5 Embodiment 2 of the present invention; 

FIG. 12 is a drawing showing by means of the 
relationship between compensation data power and 
amplitude the nonlinear characteristic of an amplifier 
according to Embodiment 2 of the present invention; 
10 FIG. 13 is a drawing showing by means of the 

relationship between compensation data power and phase 
the nonlinear characteristic of an amplifier according 
to Embodiment 2 of the present invention; 

FIG. 14 is a drawing showing by means of the 
15 relationship between compensation data power and 

amplitude the nonlinear characteristic of an amplifier 
according to Embodiment 2 of the present invention; 

FIG. 15 is a drawing showing by means of the 
relationship between compensation data power and phase 
20 the nonlinear characteristic of an amplifier according 
to Embodiment 2 of the present invention; 

FIG. 16 is a block diagram showing the configuration 
of a transmitting apparatus according to Embodiment 3 
of the present invention; 
25 FIG. 17 is a drawing showing the relationship between 

amplitude and power when account is not taken of hysteresis 
of a signal output from an amplifier according to 
Embodiment 3 of the present invention; 
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FIG. 18 is a drawing showing the relationship between 
phase and power when account is not taken of hysteresis 
of a signal output from an amplifier according to 
Embodiment 3 of the present invention; 
5 FIG.19 is a drawing showing the relationship between 

power and amplitude when account is taken of hysteresis 
of a signal output from an amplifier according to 
Embodiment 3 of the present invention; 

FIG. 2 0 is a drawing showing the relationship between 
10 power and phase when account is taken of hysteresis of 
a signal output from an amplifier according to Embodiment 
3 of the present invention; 

FIG. 21 is a drawing showing the relationship between 
power and amplitude in a compensation signal according 
15 to Embodiment 3 of the present invention; 

FIG. 22 is a drawing showing the relationship between 
power and phase in a compensation signal according to 
Embodiment 3 of the present invention; 

FIG. 2 3 is a drawing showing the relationship between 
20 power and amplitude in a compensation signal according 
to Embodiment 3 of the present invention; and 

FIG. 2 4 is a drawing showing the relationship between 
power and phase in a compensation signal according to 
Embodiment 3 of the present invention. 

25 

Best Mode for Carrying out the Invention 

With reference now to the accompanying drawings, 
embodiments • of the present invention will be explained 
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in detail below. 

(Embodiment 1) 

FIG. 2 is a block diagram showing the configuration 
5 of a transmitting apparatus 200 according to Embodiment 
1 of the present invention. In FIG. 2, transmitting 
apparatus 200 is mainly composed of an input terminal 
201, an input terminal 202, a power calculation section 
203, a compensation data table 204, a complex 
10 multiplication section 205, a DAC 206, a DAC 207, an 
oscillator 2 0 8 , a MOD 209, an amplifier 2 10 , and an antenna 
2.11. 

Input terminals 201 and 202, power calculation 
section 203, compensation data table 204, complex 

15 multiplication section 205, DAC 206, DAC 207, oscillator 
208, MOD 209, and amplifier 210 make up a distortion 
compensation apparatus 212. For distortion 
compensation apparatus 212 in FIG. 2, a predistortion 
distortion compensation apparatus configuration is shown, 

20 with power calculation section 203, compensation data 
table 204, and complex multiplication section 205 forming 
a predistortion function. 

Input terminal 201 receives an I component baseband 
signal and sends this signal to power calculation section 

25 203 and complex multiplication section 205. 

Input terminal 202 receives a Q component baseband 
signal and sends this signal to power calculation section 
203 and complex multiplication section 205. 
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Power calculation section 203 performs power 
calculations for baseband signals input from input 
terminal 201 and input terminal 202 every sampling time, 
and outputs measured power information, which is 
5 calculated power information, to compensation data table 
204 . 

Compensation data table 204 is a data table for 
performing linear compensation of the amplifier, which 
has nonlinear characteristics, and holds vector value 

10 information. Compensation data table 204 outputs a 
compensation signal comprising compensation signal 
generation information, in which amplitude component and 
phase component compensation information selected using 
measured power information input from power calculation 

15 section 203 is held as a vector value, to complex 

multiplication section 205. The method of creating the 
compensation table held by compensation data table 204 
will be described later herein. 

Complex multiplication section 205 suppresses IM 

20 waves comprising baseband signal distortion components 
based on the baseband signals input from input terminal 
201 and input terminal 202 and the compensation signal 
input from compensation data table 204 , and outputs the 
resulting signals to DAC 206 and DAC 207. 

25 DAC 206 converts the baseband signal input from 

complex multiplication section 205 from analog data to 
digital data, and outputs this digital data to MOD 209. 

DAC 207 converts the baseband signal input from 
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complex multiplication section 205 from analog data 
format to digital data format and generates a digital 
converted signal, and outputs this signal to MOD 209. 

Oscillator 208 is a local oscillator that outputs 
5 a predetermined frequency signal to MOD 209. 

MOD 209 modulates digital converted signals input 
from DAC 206 and DAC 207 using a signal input from 
oscillator 208 and generates a modulated signal, and 
outputs this modulated signal to amplifier 210. 
10 Amplifier 210 amplifies the modulated signal input 

from MOD 209 and sends the amplified signal to antenna 
211 . 

Next, the method of creating the compensation table 
held by compensation data table 204 will be described 
15 using FIG. 3 through FIG. 8. The compensation table is 
created before a distortion component suppression 
operation . 

First, as shown in FIG. 4, a two-wave signal 
comprising two waves (two tones), fundamental #401 and 

20 fundamental #402 , is input to amplifier 210 (step ST301) . 

Next, the input two-wave signal is amplified by 
amplifier 210, and the fundamentals and IM waves in the 
amplified two-wave signal undergo vector measurement by 
means of a vector signal analyzer (step ST302) . By this 

25 means, the fundamentals and IM waves can be obtained as 
vector values on the frequency axis, and can be obtained 
not only as power values (amplitude values) but also as 
phase values. Vector measurement can be carried out by 
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any method, not only by using a vector signal analyzer. 

Next, based on the measurement results, the 
fundamental phase difference of the two-wave signal is 
corrected so that the fundamental phase difference 
5 becomes 0 degrees, and IM wave phase correction is carried 
out in accordance with the amount of fundamental phase 
correction (step ST303) . Also, correction is performed 
so that the phase difference of the input two-wave signal 
becomes 0 degrees (step ST303) . 

10 Then, as shown in FIG. 5, fundamentals and IM waves 

reflecting these corrections are plotted as a frequency 
axis series (f-dat-out) (step ST304) . By amplifying the 
input two-wave signal, IM waves #501, #502, #503, #504, 
#505, and #506 are generated in addition to fundamentals 

15 #507 and #508. IM waves #501, #502, #503, #504 , #505, 
and #506 are generated as distortion components of 
fundamentals #507 and #508, and the further these IM waves 
are from fundamentals #507 and #508 on the frequency axis, 
the smaller is their power. Plotting is also performed 

20 as a frequency axis series (f-dat-in) for an input two-wave 
signal subjected to phase correction (step ST304) . 

Next, IM waves #501, #502, #503, #504, #505, and 
#506 plotted as frequency axis series (f-dat-out) are 
subjected to inverse fast Fourier transform (hereinafter 

25 referred to as "IFFT") processing, and converted to a 
time axis series (t-dat-out) (step ST305). Also, the 
two-wave signal plotted as a frequency axis series is 
subjected to IFFT processing and converted to a time axis 
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series (t-dat-in) (step ST305) . FIG. 6 shows an output 
signal #601 and input signal #602 converted to a time 
axis series as power values. 

Then, using Equation (1) , the amplifier 210 transfer 
5 function is obtained from the obtained amplifier input 
signal and output signal frequency axis series (step 
ST306) . 

AMP(t) = ( t-dat-out) / (t-dat-in) (1) 
where 

10 AMP(t): Amplifier 210 transfer function 

(t-dat-out) : Time axis series 
(t-dat-in) : Frequency axis series 



Amplifier transfer function AMP(t) expressed by a 
15 time function is converted to input signal power function 
AMP(P) using Equation (2) (step ST307). 
P = abs (t-dat-in) (2) 
where 

P: Input signal power 
20 abs (t-dat-in) : Root-mean-square value 



It is then determined whether or not the 
predetermined number of measurements by means of the 
vector signal analyzer have finished (step ST308) . If 
25 the predetermined number of measurements have finished, 
the measurement results are combined and transfer 
function AMP(P) is found. 

Here, the compensation table stored by compensation 
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data table 204 is stored as vector information, and the 
vector information has both amplitude and phase 
information. Therefore, compensation data table 204 has 
amplitude and phase components corresponding to power 
5 P input to amplifier 210 as a compensation data table. 
That is to say, the relationship between an input signal 
to amplifier 210 and an output signal from amplifier 210 
is expressed as shown in Equation (3) . 
Output signal = AMP(P) x input signal (3) 
10 where AMP(P): Amplifier 210 transfer function 

Also, amplifier transfer function AMP(P) is 
expressed as shown in Equation (4) . 

AMP (P) =A (P) Xe~ j0 (p) (4) 
where 

15 P: Input power 

A(P) : Amplitude component 
0(P) : Phase component 

The meaning of nonlinearity taken to be a problem 
20 here is that amplification characteristic A(P) and phase 
characteristic 0(P) fluctuate. Compensation to 
linearity means compensation to a fixed-power amplifier 
210 transfer function. Therefore, the compensation 
signal can be expressed as a power P function as shown 
25 in Equation (5) . 

Compensation signal (P) = AMP ( fixed) /AMP ( P ) (5) 
where 

AMP(fixed) : Fixed-power amplifier 210 transfer 
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function 

AMP(P): Amplifier 210 transfer function 

Thus, amplifier 210 transfer function AMP(P) can 
be found using Equation (5) . 

Next, a transfer function is found that has an 
amplitude component of inverse amplitude to the amplitude 
component in the amplifier 210 transfer function found 
from Equation (5) and a phase component of inverse phase 
to the phase component in the amplifier 210 transfer 
function found from Equation (5) with respect to an 
amplitude component and phase component when the 
amplifier 210 output signal has a linear characteristic, 
and the found transfer function is converted and stored 
as a compensation table (step ST309) . 

On the other hand, if the predetermined number of 
measurements have not finished in step ST308, the 
processing from step ST301 through step ST307 is repeated 
until the predetermined number of measurements have 
finished . 

FIG. 7 is a drawing showing the relationship between 
compensation data power and amplitude in the compensation 
table, and FIG. 8 is a drawing showing the relationship 
between compensation data power and phase in the 
compensation table. FIG. 7 shows a case where, with regard 
to the relationship #702 between amplitude and power, 
amplifier 210 has linearity, and since amplifier 210 is 
actually nonlinear, it has the nonlinear characteristic 
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of relationship #701 between amplitude and power. 
Therefore, compensation data table 204 stores, as 
compensation data, relationship #703 between amplitude 
and power symmetrical with relationship #701 between 
5 ampl i tude and power that the actual signal after amplitude 
has with respect to relationship #702 between an amplitude 
component and power when amplifier 210 has linearity. 
By this means, compensation data amplitude components 
become amplitude components of inverse amplitude to the 

10 amplitude components in amplifier 210 IM waves with 

respect to amplitude components when the amplifier 210 
output signal has a linear characteristic. Similarly, 
FIG. 8 shows a case where, with regard to the relationship 
#802 between phase and power, amplifier 210 has linearity, 

15 and since amplifier 210 is actually nonlinear, it has 
the nonlinear characteristic of relationship #801 between 
phase and power. Therefore, compensation data table 204 
stores, as compensation data, relationship #803 between 
amplitude and power symmetrical with relationship #801 

20 between amplitude and power that the actual signal after 
amplitude has with respect to relationship #802 between 
amplitude and power when amplifier 210 has a linear 
characteristic. By this means, compensation data phase 
components become phase components of inverse phase to 

2 5 the phase components in amplifier 210 IMwaves with respect 
to phase components when the amplifier 210 output signal 
has a linear characteristic. 

Next, a description will be given of the operation 
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of transmitting apparatus 200 in a distortion component 
suppr es s ion ope ration that s uppres ses IM waves #501, #502, 
#503, #504, #505, and #506 shown in FIG. 5. 

A baseband signal is input to power calculation 
5 section 203 and complex multiplication section 205 as 
orthogonal data composed of an I component and a Q component . 
Power calculation section 203 calculates power from the 
input baseband signals . Then, in compensation data table 
2 04 , compensation data is referenced using measured power 

10 information and a compensation signal phase component 
is found, and also compensation data is referenced using 
measured power information and a compensation signal 
amplitude component is found. At this time, the 
relationship between amplitude and power stored by 

15 compensation data table 204 is that shown in FIG. 7, and 
the relationship between phase and power stored by 
compensation data table 204 is that shown in FIG. 8. Then 
compensation data table 204 finds a compensation signal 
using the phase components of the found phase and the 

20 amplitude components of the found amplitude, and outputs 
this compensation signal to complex multiplication 
section 205. The compensation signal is found as a vector 
from the phase and amplitude components. 

Then IM waves #501, #502, #503, #504, #505, and#506, 

25 which are distortion components generated when the 
baseband signal is amplified by amplifier 210, are 
suppressed by combining the compensation signal and 
baseband signal in complex multiplication section 205. 
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Thus, according to Embodiment 1, distortion 
components generated when a baseband signal is actually 
amplified are found as a frequency axis series, and also 
the found frequency axis series is subjected to I FFT 
5 processing and converted to a time axis series, and a 
compensation table of the time of compensation signal 
generation is created, so that by generating a distortion 
compensation signal based on distortion components 
actually generated in a baseband signal, a compensation 

10 signal that takes account of frequency characteristics 
can be generated, and distortion components can be 
suppressed with high precision. Also, according to 
Embodiment 1, demodulation processing and so forth is 
rendered unnecessary and the circuit configuration can 

15 be made small and simple, and furthermore processing can 
be simplified and speeded up. 

(Embodiment 2) 

FIG. 9 is a block diagram showing the configuration 
20 of a transmitting apparatus 900 according to Embodiment 

2 of the present invention. 

As shown in FIG. 9, in transmitting apparatus 900 

according to Embodiment 2, as compared with transmitting 

apparatus 200 according to Embodiment 1 shown in FIG. 2, 
25 a table switching section 903 is added, and a compensation 

data up table 901 and a compensation data down table 902 

are provided instead of compensation data table 204. 

Parts in FIG. 9 identical to those in FIG. 2 are assigned 
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the same codes as in FIG. 2, and descriptions thereof are 
omitted . 

In FIG. 9, transmitting apparatus 900 is mainly 
composed of input terminal 201, input terminal 202, power 
calculation section 203, complex multiplication section 
205, DAC 206, DAC 207, oscillator 208 , MOD 209, amplifier 
210, antenna 211, compensation data up table 901, 
compensation data down table 902, and table switching 
section 903 . 

Input terminals 201 and 202, power calculation 
section 203, complex mult iplication section 2 05 , DAC 206, 
DAC 207, oscillator 208, MOD 209, amplifier 210, 
compensation data up table 901, compensation data down 
table 902, and table switching section 903 make up a 
distortion compensation apparatus 904. For distortion 
compensation apparatus 904 in FIG. 9, a predis tortion 
distortion compensation apparatus configuration is shown, 
with power calculation section 203, complex 
multiplication section 205, compensation data up table 
901, compensation data down table 902 , and table switching 
section 903 forming a predistortion function. 

Compensation data up table 901 is a data table for 
performing linear compensation of the amplifier, which 
has nonlinear characteristics, and holds vector value 
information. Compensation data up table 901 outputs a 
compensation signal in which amplitude component and 
phase component compensation information (rising-time 
compensation signal generation information) selected by 
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referencing compensation data using measured power 
information input from power calculation section 203 is 
held as a vector value, to complex multiplication section 
205 . 

5 Compensation data down table 902 is a data table 

for performing linear compensation of the amplifier, 
which has nonlinear characteristics, and holds vector 
value information. Compensation data down table 902 
outputs a compensation signal in which amplitude 

10 component and phase component compensation information 
( falling- time compensation signal generation 
information) selected by referencing compensation data 
using measured power information input from power 
calculation section 203 is held as a vector value, to 

15 complex multiplication section 205. 

Table switching section 903 determines from 
measured power information for different times input from 
power calculation section 203 whether measured power 
according to the latest measured power information has 

20 risen or fallen from past measured power. Then, if the 
latest measured power has risen from past measured power, 
table switching section 903 outputs the compensation 
signal input from compensation data up table 901 to complex 
multiplication section 205. On the other hand, if the 

25 latest measured power has fallen from past measured power, 
table switching section 903 outputs the compensation 
signal input from compensation data down table 902 to 
complex multiplication section 205. 
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Next, the method of creating the compensation tables 
used in compensation data up table 901 and compensation 
data down table 902 will be described using FIG. 10 through 
FIG. 15. The compensation tables are created before a 
5 distortion component suppression operation. As the 

compensation table creation me thod flowchart is identical 
to that in FIG. 3, and the figure showing the 
pre-amplif ication baseband signal as a frequency series 
is identical to FIG. 4, FIG. 3 and FIG. 4 will be used in 

10 the following description. 

First, as shown in FIG. 4, a two-wave signal 
comprising two waves, fundamental #401 and fundamental 
#402, is input to amplifier 210 (step ST301). 

Next, the input two-wave signal is amplified by 

15 amplifier 210, and the fundamentals and IM waves in the 
amplified two -wave signal are measured by means of a vector 
signal analyzer (step ST302) . By this means, the 
fundamentals and IM waves can be obtained as vector values 
on the frequency axis, and can be obtained not only as 

20 power values (amplitude values) but also as phase values. 
Vector measurement can be carried out by any method, not 
only by using a vector signal analyzer. 

Next, based on the measurement results, the 
fundamental phase difference of the two-wave signal is 

25 corrected so that the fundamental phase difference 

becomes 0 degrees (step ST303) . Also, correction is 
performed so that the phase difference of the input 
two-wave signal becomes 0 degrees (step ST303) . 
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Then, as shown in FIG. 10, IM waves reflecting these 
corrections are plotted as a frequency axis series 
(f-dat-out) (step ST304). By amplifying the input 
two-wave signal, IM waves 11001, #1002, #1003, and #1004 
5 are generated in addition to fundamentals #10 05 and #100 6 . 
IM waves #1001, #1002, #1003, and #1004 are generated 
as distortion components of fundamentals #1005 and #1006, 
and the further these IM waves are from fundamentals #1005 
and #1006 on the frequency axis, the smaller is their 

10 power . The power levels of IMwave #1002 and IM wave #1003 
detected at symmetrical positions on the frequency axis 
with respect to fundamentals #1005 and #1006 are different, 
and the power levels of IM wave #1001 and IM wave #1004 
detected at symmetrical positions on the frequency axis 

15 with respect to fundamentals #1005 and #1006 are different . 
Plotting is also performed as a frequency axis series 
(f-dat-in) for an input two -wave signal subjected to phase 
correction (step ST304). 

Next, IM waves #1001, #1002, #1003, and #1004 plotted 

20 as frequency axis series (f-dat-out) are subjected to 
I FFT processing, and converted to a time axis series 
(t-dat-out) (step ST305) . FIG. 11 shows an output signal 
and input signal converted to a time axis series as power 
values. As shown in FIG. 11, relationship #1102 between 

25 time and power in an actual amplifier 210 output signal 
is distorted with respect to relationship #1101 between 
time and power when a amplifier 210 output signal in which 
distortion has not occurred has undergone IFFT processing, 
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due to the fact that the power of IM wave #1002 and the 
power of IM wave #1003 differ and the power of IM wave 
#1001 and the power of IM wave #1004 differ. 

Then an amplifier 210 transfer function is obtained 
5 from the obtained amplifier input signal and output signal 
frequency axis series using Equation (1) (step ST306) . 

Also, amplifier 210 transfer function AMP(t) 
expressed by a time function is converted to input signal 
power function AMP(P) using Equation (2) (step ST307). 

10 It is then determined whether or not the 

predetermined number of measurements by means of the 
vector signal analyzer have finished (step ST308). If 
the predetermined number of measurements have finished, 
the measurement results are combined and transfer 

15 function AMP(P) is found using Equation (5). 

Next, a transfer function is found that has an 
amplitude component of inverse amplitude to the amplitude 
component in the amplifier 210 transfer function found 
from Equation (5) and a phase component of inverse phase 

20 to the phase component in the amplifier 210 transfer 
function found from Equation (5) with respect to an 
amplitude component and phase component when the 
amplifier 210 output signal has a linear characteristic, 
and the found transfer function is converted and stored 

25 as a compensation table (step ST309) . At this time, a 
compensation table is stored separately for the case where 
amplifier 210 input power is on an upward trend and the 
case where amplifier 210 input power is on a downward 
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trend . 

On the other hand, if the predetermined number of 
measurements have not finished in step ST308, the 
processing from step ST301 through step ST307 is repeated 
5 until the predetermined number of measurements have 
finished . 

FIG. 12 is a drawing showing the relationship between 
compensation data power and amplitude in compensation 
data up table 901, FIG. 13 is a drawing showing the 

10 relationship between compensation data power and phase 
in compensation data up table 901, FIG. 14 is a drawing 
showing the relationship between compensation data power 
and amplitude in compensation data down table 902, and 
FIG. 15 is a drawing showing the relationship between 

15 compensation data power and phase in compensation data 
down table 902. 

FIG. 12 shows a case where, with regard to 
relationship #12 02 between amplitude and power, amplifier 
210 has linearity, and since amplifier 210 is actually 

20 nonlinear, it has the nonlinear characteristic of 
relationship #1201 between amplitude and power. 
Therefore, compensation data up table 1001 stores, as 
compensation data, relationship #1203 between amplitude 
and power symmetrical with relationship #1201 between 

25 amplitude and power that the actual signal after amplitude 
has with respect to relationship #1002 between amplitude 
and power when amplifier 210 has linearity. 

Similarly, FIG. 13 shows a case where, with regard 
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to relationship #1302 between phase and power, amplifier 
210 has linearity, and since amplifier 210 is actually 
nonlinear, it has the nonlinear characteristic of 
relationship #1301 between phase and power. Therefore, 
5 compensation data up table 1001 stores, as compensation 
data, relationship #1303 between amplitude and power 
symmetrical with relationship #1301 between amplitude 
and power that the actual signal after amplitude has with 
respect to relationship #1302 between amplitude and power 

10 when amplifier 210 has linearity. 

FIG. 14 shows a case where, with regard to 
relationship #1402 between amplitude and power, amplifier 
210 has linearity, and since amplifier 210 is actually 
nonlinear, it has the nonlinear characteristic of 

15 relationship #1401 between amplitude and power. 

Therefore, compensation data down table 1002 stores, as 
compensation data, relationship #1403 between amplitude 
and power symmetrical with relationship #1401 between 
amplitude and power that the actual signal after amplitude 

20 has with respect to relationship #1402 between amplitude 
and power when amplifier 210 has linearity. 

Similarly, FIG. 15 shows a case where, with regard 
to relationship #1502 between phase and power, amplifier 
210 has linearity, and since amplifier 210 is actually 

25 nonlinear, it has the nonlinear characteristic of 

relationship #1501 between phase and power. Therefore, 
compensation data down table 1002 stores, as compensation 
data, relationship #1503 between amplitude and power 



25 



symmetrical with relationship #1501 between amplitude 
and power that the actual signal after amplitude has with 
respect to relationship #1502 between amplitude and power 
when amplifier 210 has linearity. By this means, 
5 compensation data amplitude components become amplitude 
components of inverse amplitude to amplitude components 
in amplifier 210 IM waves with respect to amplitude 
components when the amplifier 210 output signal has a 
linear characteristic. Also, compensation data 

10 amplitude components become amplitude components of 

inverse amplitude to amplitude components in amplifier 
210 IM waves with respect to amplitude components when 
the amplifier 210 output signal has a linear 
characteristic. 

15 Next, a description will be given of the operation 

of transmitting apparatus 900 in a distortion component 
suppression operation that suppresses IM waves #1001, 
#1002, #1003, and #1004 shown in FIG. 10. 

A baseband signal is input to power calculation 

20 section 203 and complex multiplication section 205 as 
orthogonal data composed of an I component and a Q component . 
Power calculation section 203 calculates power from the 
input baseband signals. Then, in compensation data up 
table 901 and compensation data down table 902, 

25 compensation data is referenced using measured power 
information and a compensation signal phase component 
is found, and also compensation data is referenced using 
measured power information and a compensation signal 
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amplitude component is found. At this time, the 
relationship between amplitude and power stored by 
compensation data up table 901 is that shown in FIG. 13, 
and the relationship between phase and power stored by 
5 compensation data up table 901 is that shown in FIG. 14. 
Also, the relationship between amplitude and power stored 
by compensation data down table 902 is that shown in FIG . 15 , 
and the relationship between phase and power stored by 
compensation data down table 902 is that shown in FIG. 16. 

10 Table switching section 903 then determines whether 

baseband signal power is on an upward trend or on a downward 
trend, and outputs the compensation signal input from 
compensation data up table 901 to complex multiplication 
section 205 if power is on an upward trend, or outputs 

15 the compensation signal output from compensation data 
down table 902 to complex multiplication section 205 if 
power is on a downward trend. The compensation signal 
is found as a vector from the phase and amplitude 
components . 

20 Then IM waves #1001, #1002, #1003, and #1004 , which 

are distortion components generated when the baseband 
signal is amplified by amplifier 210, are suppressed by 
combining the compensation signal and baseband signal 
in complex multiplication section 205. 

25 Thus, according to Embodiment 2, in addition to 

provision of the effects of above-described Embodiment 
1 , IM waves can be suppressed using different compensation 
data when baseband signal power is on an upward trend 
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and when baseband signal power is on a downward trend, 
enabling IM waves alsotobe suppressed with high precision 
in a case where lower/upper unbalance occurs whereby power 
differs between low- frequency- s ide distortion 
5 components and high- frequency- s ide distortion 

components on the frequency axis generated in a signal 
amplified by power amplifier 210 due to temperature 
characteristics, for example. Also, according to 
Embodiment 2, compensation table creation is performed 
10 taking account of lower/upper unbalance frequency 

characteristics, enabling a satisfactory suppression 
effect to be obtained for IM waves generated during input 
to a multicarrier amplifier. 

15 (Embodiment 3) 

FIG. 16 is a block diagram showing the configuration 
of a transmitting apparatus 1600 according to Embodiment 
3 of the present invention. 

As shown in FIG. 16, in transmitting apparatus 1600 
20 according to Embodiment 3, as compared with transmitting 
apparatus 200 according to Embodiment 1 shown in FIG. 2, 
a compensation data table 1602 is provided instead of 
compensation data table 204, and determination section 
1601 and an IM unbalance compensation computation section 
25 1603 are added. Parts in FIG. 16 identical to those in 
FIG. 2 are assigned the same codes as in FIG. 2, and 
descriptions thereof are omitted. 

In FIG. 16, transmitting apparatus 1600 is mainly 
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composed of input terminal 201, input terminal 202 , power 
calculation section 203, complex multiplication section 
205, DAC 206, DAC 207, o s c i 1 1 a t o r 2 0 8 , MOD 209, amplifier 
210, antenna 211, determination section 1601, 
5 compensation data table 1602, and IM unbalance 
compensation computation section 1603. 

Input terminal 201, input terminal 202, power 
calculation section 203, complex multiplication section 
205, DAC 206, DAC 207, os cil lat or 2 0 8 , MOD 209, amplifier 

10 210, determination section 1601, compensation data table 
1602, and IM unbalance compensation computation section 
1603 make up a distortion compensation apparatus 1604. 
For distortion compensation apparatus 1604 in FIG. 16, 
a predis tort ion distortion compensation apparatus 

15 configuration is shown, with power calculation section 
203, complex multiplication section 205, determination 
section 1601, compensation data table 1602, and IM 
unbalance compensation computation section 1603 forming 
a predistortion function. 

20 Using at least two items of measured power 

information in the measured power information for each 
sampling time input from power calculation section 203, 
determination section 1601 determines whether measured 
power according to the latest measured power information 

25 is rising or falling in comparison with measured power 
according to past measured power information, and outputs 
the determination result to IM unbalance compensation 
computation section 1603. 
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Compensation data table 1602 has vector information 
comprising a data table of ampli f ier 210 that has nonlinear 
characteristics. Then compensation data table 1602 
outputs amplifier 210 nonlinear characteristic 
5 information to IM unbalance compensation computation 
section 1603 based on power information input from power 
calculation section 203 and a nonlinearity information 
table that has vector information . The method of creating 
the nonlinearity information table will be described 

10 later herein. 

IM unbalance compensation computation section 1603 
generates, and stores as a compensation table, a 
compensation signal based on nonlinear characteristic 
information found at at least two different times input 

15 from compensation data table 1602 before a distortion 
compensation operation, a coefficient, the result of 
determination by dete rmi nation section 1601 as to whether 
measured power is on an upward trend or on a downward 
trend, and a fixed value when amplifier 210 is assumed 

20 to have linear characteristics — that is, when amplifier 
210 performs fixed transmission operation regardless of 
input power. IM unbalance compensation computation 
section 1603 then references the compensation table using 
measured power information input from determination 

25 section 1601 at the time of a distortion component 

compensation operation and selects a compensation signal , 
and outputs the selected compensation signal to complex 
multiplication section 205. 
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Next, the method of creating the nonlinearity 
information table used by compensation data table 1602 
and the compensation table used by IM unbalance 
compensation computation section 1603 will be described 
5 using FIG. 17 through FIG. 24. The nonlinearity 

information table and compensation table are created in 
advance prior to a distortion component suppression 
operation. 

A baseband signal is input to power calculation 

10 section 203 and complex multiplication section 205 as 
orthogonal data composed of an I component and a Q component . 
Power calculation section 203 calculates power from the 
input baseband signals. Then compensation data table 204 
outputs amplifier 210 nonlinear characteristic 

15 information to IM unbalance compensation computation 
section 1603. At this time, compensation data table 204 
stores the relationship between amplitude and power shown 
in FIG. 17. Also, compensation data table 204 stores the 
relationship between phase and power shown in FIG. 18. 

20 Here, the relationship between amplitude and power 

shown in FIG. 17 is identical to relationship #1201 between 
amplitude and power in FIG. 12, and the relationship 
between phase and power shown in FIG. 18 is identical to 
relationship #1301 between amplitude and power in FIG . 13 . 

25 That is to say, compensation data table 1602 stores the 
relationship between amplitude and power shown in FIG. 17 
and the relationship between phase and power shown in 
FIG. 18 found by a method identical to the method up to 
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finding relationship #1201 between amplitude and power 
and relationship #1301 between amplitude and power in 
above-described Embodiment 2 as nonlinear characteristic 
information . 

5 When performing computational processing to show 

the unbalance IM characteristic, IM unbalance 
compensation computation section 1603 finds the unbalance 
IM characteristic based on compensation data at time t-1 
input from compensation data table 204 , compensation data 

10 at time t after the elapse of a predetermined time from 
time t-1 input from compensation data table 204, a 
coefficient, the result of determination by determination 
section 1601 as to whether measured power is on an upward 
trend or on a downward trend, and a fixed value. 

15 Specifically, the unbalance IM characteristic can 

be found using Equation (6) or Equation (7) . 

Real a mp (t) = a m p (t) + (amp (t) — amp (t 

- 1 )) X ( L i amp-amp(t-l))Xg (6) 

Real a mp (t) = a m p (t) — (amp (t) — amp (t 

20 - 1 )) X ( L i amp-amp(t-l))Xg (7) 

where 

Real_amp(t): Unbalance IM characteristic at time 

t 

amp(t) : Compensation data at time t 
25 amp (t-1) : Compensation data at time t-1 

Li_amp: Fixed value 
g: Coefficient 
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In this way, IM unbalance compensation computation 
section 1603 finds the unbalance IM characteristic shown 
in FIG. 19 f rom the ampl i f ier 210 nonlinear characteristic 
shown in FIG. 17, and also finds the unbalance IM 
5 characteristic shown in FIG. 20 from the amplifier 210 
nonlinear characteristic shown in FIG. 18. As shown in 
FIG. 19, the relationship between amplitude and power in 
the unbalance IM characteristic has hysteresis whereby 
the relationship #1901 between power and amplitude when 

10 power is on an upward trend and the relationship #1902 
between power and amplitude when power is on a downward 
trend follow different paths. Also, as shown in FIG. 20, 
the relationship between phase and power in the unbalance 
IM characteristic has hysteresis whereby the relationship 

15 #2001 between power and phase when power is on an upward 
trend and the relationship #2002 between power and phase 
when power is on a downward trend follow different paths. 
Relationships between power and amplitude and between 
power and phase that have hysteresis of this kind can 

20 be changed by setting coefficient g in Equation (6) and 
Equation (7) variably. 

Next, when IM unbalance compensation computation 
section 1603 converts an unbalance IM characteristic to 
a compensation characteristic and generates a 

25 compensation signal, IM unbalance compensation 

computation section 1603 performs conversion to a 
compensation characteristic so that there is symmetry 
with the unbalance IM characteristic with respect to a 
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fixed value at which amplitude and phase become almost 
fixed when amplifier 210 is assumed to have a linear 
characteristic. Specifically, the compensation 
characteristic is obtained from Equation (8) using the 
5 unbalance IM characteristic and linear characteristic 
found from Equation (6) or Equation (7) . 
Compensation characteristic = Li_amp/Real_amp (8) 
where 

Real_amp: Unbalance IM characteristic 
10 Li_amp: Fixed value 

In this way, IM unbalance compensation computation 
section 1603 converts the hysteresis characteristics 
shown in FIG. 19 and FIG. 20 to the compensation 

15 characteristics shown in FIG. 21 and FIG. 23. FIG. 21 and 
FIG. 23 are drawings showing the relationship between 
amplitude components and power in compensation 
characteristics, and FIG. 22 and FIG. 24 are drawings 
showing the relationship between phase components and 

20 power in compensation characteristics. 

By converting an unbalance IM characteristic to a 
compensation characteristic, when input power is on an 
upward trend, relationship #1901 between amplitude and 
power is converted to a relationship #2101 between 

25 amplitude and power, and relationship #2001 between phase 
and power is converted to a relationship #2201 between 
phase and power. Also, by converting an unbalance IM 
characteristic to a compensation characteristic, when 
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input power is on a downward trend, relationship #1902 
between amplitude and power is converted to a relationship 
#2102 between amplitude and power, and relationship #2002 
between phase and power is converted to a relationship 
5 #2202 between phase and power . IM unbalance compensation 
computation section 1603 stores compensation 
characteristics by storing the relationships between 
amplitude and power and the relationships between phase 
and power shown in FIG. 21 through FIG. 24 in a compensation 

10 table as vector information. 

Here, the data table stored by IM unbalance 
compensation computation section 1603 is stored as vector 
information, and the vector information has amplitude 
information and phase information. Therefore, IM 

15 unbalance compensation computation section 1603 has 

amplitude and phase components corresponding to power 
P input to amplifier 210 as a compensation data table. 
That is to say, the relationship between an input signal 
to amplifier 210 and an output signal from amplifier 210 

20 is expressed as shown in Equation (9) . 

Output signal = amp x input signal (9) 
where amp: Amplifier characteristic 

Also, amplifier characteristic amp is expressed as 
shown in Equation (10) . 

25 amp(P)=A(P) Xe~ je(p) (10) 
where 

A(P) : Amplitude component at time t 
0(P) : Phase component at time t 
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P: Power input to amplifier 210 
amp(P): Amplifier 210 characteristic 



Therefore, the amplifier 210 characteristic can be 
5 found as an amplitude component and phase component from 
Equation ( 10 ) . 

Adescription will nowbe given, using FIG. 21 through 
FIG. 24, of the operation of transmitting apparatus 1600 
in a distortion component suppression operation that 

10 suppresses IM waves #1001, #1002, #1003, and #1004 when 
IM waves #1001, #1002, #1003, and #1004 shown in FIG. 10 
are generated. 

If measured power P(t) at time t has risen above 
measured power P(t-l) at time t-1 according to 

15 determination section 1601, IM unbalance compensation 
computation section 1603 determines that measured power 
is on an upward trend, selects Al(t-l) as the amplitude 
component of measured power P(t-l) at time t-1 and selects 
Al(t) as the amplitude component of measured power P(t) 

20 at time t from FIG. 21, and also selects 01 (t-1) as the 
phase component of measured power P(t-l) at time t-1 and 
selects 01 (t) as the phase component of measured power 
P(t) at time t from FIG. 22. IM unbalance compensation 
computation section 1603 then outputs a compensation 

25 signal that has compensation characteristics for the 
selected amplitude and phase components . The fixed value 
here is found from relationship #2103 between amplitude 
and power in which amplitude becomes almost fixed as shown 
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in FIG. 21 and relationship #2203 between phase and power 
in which phase becomes almost fixed as shown in FIG. 22. 

On the other hand, if measured power P(t) at time 
t has fallen below measured power P(t-l) at time t-1 
5 according to determination section 1601, IM unbalance 
compensation computation section 1603 determines that 
measured power is on a downward trend, selects A2(t-1) 
as the amplitude component of measured power P(t-l) at 
time t-1 and selects A2(t) as the amplitude component 

10 of measured power P(t) at time t from FIG. 23, and also 
selects 02 (t-1) as the phase component of measured power 
P(t-l) at time t-1 and selects 02 (t) as the phase component 
o f measured power P ( t ) att ime t from FIG . 2 4 . IM unba lance 
compensation computation section 1603 then outputs a 

15 compensation signal that has compensation 

characteristics for the selected amplitude and phase 
components . The fixed value here is found from 
relationship #2303 between amplitude and power in which 
amplitude becomes almost fixed as shown in FIG. 23 and 

20 relationship #2 403 between phase and power in which phase 
becomes almost fixed as shown in FIG. 24. 

Next , complex multiplication section 205 suppres ses 
IM waves #1001, #1002, #1003, and #1004 comprising 
distortion components in FIG. 10 by combining the baseband 

25 signal and compensation signal. 

Thus, according to Embodiment 3, baseband signal 
distortion components generated when a baseband signal 
is actually amplified are found as a frequency axis series, 
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the found frequency axis series is subjected to IFFT 
processing and converted to a time axis series, and is 
held in compensation data table 1602 as amplifier 210 
nonlinear characteristic information, so that by 
5 generating a distortion compensation signal based on 
distortion components actually generated in a baseband 
signal, a compensation signal that takes account of 
frequency characteristics can be generated, and 
distortion components can be suppressed with high 

10 precision. Also, according to Embodiment 3, 

demodulation processing and so forth is rendered 
unnecessary and the circuit configuration can be made 
small and simple, and furthermore processing can be 
simplified and speeded up. Moreover, according to 

15 Embodiment 3, IM waves are suppressed after finding a 
compensation signal that has different amplitude and 
phase components when measured power is on an upward trend 
and when measured power is on a downward trend by correcting 
amplifier 210 nonlinear characteristic information, 

20 enabling distortion components in a state of lower/upper 
unbalance to be suppressed with high precision. 

In above Embodiments 1 through 3, IM waves generated 
when a two-wave input signal is amplified are suppressed, 
but this is not a limitation, and the present invention 

25 can also be applied to a case where IM waves generated 
when a single-wave input signal or an input signal of 
three or more waves is amplified are suppressed. 

As described above, according to the present 
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invention the circuit configuration can be made small 
and simple, processing can be simplified and speeded up, 
and distortion components can be suppressed with high 
precision . 

This application is based on Japanese Patent 
Application No . 2 0 0 2 - 3 6 5 4 4 8 filed on December 17 , 2002 , 
the entire content of which is expressly incorporated 
by reference herein. 

Industrial Appl icabili ty 

The present invention relates to a distortion 
compensation table creation method and distortion 
compensation method, and is suitable for use, for example , 
in a distortion compensation table creation method and 
distortion compensation me thod that eliminate distortion 
generated when a signal is amplified. 
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